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. DUR ALUM-IN

By E. Ungar and E. Sohmidt.

Translated from Technische Berichte Vol. 1~~ - Section 6. .

‘I& use of duraluoin in tha construction of aircraft makes

an account of the properties of this material desirable especially

with refemence to its working .qualitiesas develop?d by experience.

G(XIIPosition, SWcific Gravitv and IdeltiW Point.

Duralunin is made in various compositions @ has, with the

exception of small cpantities of impurities, the followir? composition:

AlumizTiml

Magn3sium

Copper

Manganese

Lead, tin

able influence upon

in duraluain.

95.5 tO 93.2 per=ni

.5 11

3.5 ;“ !5.5 11

.5~, “.8 n

and ziac which, as is well known, have an u“a.vor-

the permanence of aludnm” alloys, am not found

Tne specific gra-~ityo? duralumin varies accord~c to com-

position afi hardness from 2.75 to 2.S4. The melting point is about ,

650° C.

Duralunin is made under this mane by the .kener Metallwrke,

Duren (Rhld), and tier

(Wastf.).

Working of Euralumin

the name of Bergwtall -by Carl Berg, Eveking

Like other metals, duralumin can be rolled into plates ant

shapes and behaves in a similar mazmer, in that the elon@ ion de-

creases as the hardness of rolling inoreases. Tube blanks, however,
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.
can be ma,.ieonly by pressing and not by the oblique rolling method.

Fig. 1 shows the increase in tensile strength and decrease

in elongation of a &ur~~in plate as its thic~ss is reduced by cold

rolling from 7 mn. to 2 -. The strength increases from 41 kg, to

about 54 kg. per sq.nxn.while the elo~ation falls from 22.7 to 2.3 per-

cent. The ~ve ShCWS ~ha~ the .elo~atio~ &creases very rapidly with

the very first reduction in thickness.

. &wever, duralunin can be worked hot at a temperature of

about 400° C. very well.*

Temnering

Duralumin can be tempered, like steel, by heating a@ sudden
#

cooling. For this purpoS8 plates, tubas, ad shapes are heated to be-

tween 4E?0°and 510° and qpenched, then aged; that is, the treated

material is simsly set aside. The

are very nearly restored after the

corkinues to grow with the time of

original strength characteristics

quenching but the tens&le strength

ageing, from 35 to 50 kgs. per

sq.mn. The elongation does not decrease but
8

and usually increases slightly. In practice

reached after about 5 days of ageing.

remainsat least the same

the greatest strmgth is

K&m heated to over 530° C. duralumin becomes unusable. Cou-

seqyently the treating is carried on in a bath of nitrates whose tem-

perature can be carefully regulated and watched. Ihn’ingthe ageing of

the metal work cannot b8 done on it which would change the section

as in that case the strength will not increase any more> After the

completion of ageing, th~ material can be re-rollad in order to obtain
*

smocth surfacee, The strength is thereby increased at the expense of
4

elongation.
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Fig. 2 shows the increase of strength during ageing. The t022-

sile strengths were deterrnjnedby the Eri.csontest with 0.385 as a COOf-.

ficient. This value was obttinsd frcm the experiments described below.

Experiments have been made (see Fig. 3) by the Ihrener-Meta3.1-

werke to dstermim the mst favorable qyench@g temperature, The cui~e

‘a” shows the v~riation in the strength of duralunin which had been

aged,for 4 days with the variation of qumching temperature. Curve ‘b”

shows t~ strength ~.~diately after the qoenching. The strengths

were determined in both cases 737the Ericson test.

As the material may warp in tempering it is not good prac-

tice to temper riveted parts. Suoh perte should be tempered before

they are’riveted.

Strength Promert38s

Duralwin is delivered in various compositions vihichhave

clifferent properties a~ordi~ te the purpose for which it is intended

to be used. It is therefore imFortant that the concern sup-@ying

the material should be informed regarding the nature of ths vmrki%

proposed. In Table 2 below are assembled the strength figores of

some duralumin compositions made by the Ihrener-kletalhr.erke.
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S~bO~ :Cotiition:%lethodof:Ele.stic
tQZ .: :Pzeparing: limi

corKg9-: . 2. :kg/km
+tioq : : :

—-

:Tensile :Elonga-
:stzeng~h’:tionin
: kg/lrm : $
: :

:Modulus :Sections
:of elas-:avail~ble
:ticity” :
: kg/o# :

G8~b l/3;temperad :ter~ered :24 to 26:38 to 40: 20 : about : 2ubes,
: only : .: : :500,000 :plates,
: : : ,. : : Mtrip sik~~s
● .? *. . : .: . :& shsuesh

681b 1/3: 1/2 hsrd:t-red : 30 :40 to 42:M to 14:500,0CQ :!t’w)es
: .;Pd cold : . . .. . . :plates,
.. :rolled. : : : : :stripq,bars.

. :tsmperad :tempered :25 to 27:38 to 40:20 to 38:600,000 :Tubes,
: only : : : : : :plates,
. .. .. : .. * . : :strips,bsrs

681a ~:
. .. , .: . . :& sknes.

hard :tempered :30 to 3?:44 to 46:11 to 10: - :Tukem,
: : A coid : : .. ; :pla%es,
●. ; rQlled L ; .: . :strips,b~s
; ; : : : ,. :& shape~.

> ... . . e

—
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ward @ forward through lSOO over a definite radius - usually 5 %0 10 nm.-

the nmkr of bends before fracture bei~ taken as a measure. Other

conclusions as to the ductility cau te ebtainsd from the Ericson tes%

(see Fig. 4). Theplate to be tested is pressed through a ring, b, by

a head, a, until a tear shows on the -r surface of the sheet. The

depth of the ~ession is then a measure of the ductility.

In Tabla 2 there are compared strength values, nmnbers of

bends (over 5 I&. radius and through 180°)

as obeerved on Bergmeta.11plates @ steel

!i!able2.

and depths of impression

plates of eqyd thiclmesses.

Steel Ber Eme t~ lZ
Thiok.nsss:Stre~th :Elo~a- :No.Betis:Dep~lw :Strength:Elonga-:Nb.2stiss%pth

of : ki+az :$ion $ : :of ire-:kg/rcm2:tign % : :Of im-
Plate :, .. : :press-: .. : :press-

. . *-on m *: , . ●. *-: . nm ,

0.!5 : 36 : 10.5 : 76 : 7.2 : 47 : 10.5 : 33 v 5.5

1:34:15.3: 26 .. 9.5 : 4’7 ; 11.0 : 3 .. 4,2

2 : 39 : 12.0 : 10 : 10.9 : 45 : 13+0. :Fsactur-:3.4
. . .. . : ** : +% at 90°

. 3:40 : U’.?-: 6 :13:48 : $4.% :Frachr-: 3,g
. .. 1 .. : 1 :8 at ~o-—

4 :”-: . .: , g : 9,7 :Fractur-:2.s
: ●: ● .. ? . : :~a at-*

Although the st~ength va3ues Qf the steel,@ate$ are le~s than

those of the dura,luni~pla~s~ nevert@less one c- $ompare the $igureq

as tq nrmber of bend- azxl.depths 0$ impressiow withou$ Wrrect \oa, s$nqe .

i.
~t is possible to obtain steel plate with higher strepgth which a160

p~s$esses great duotility.

The number Qf beads (see Fig, 5) for b@h me$al~ deoreaseq

with Anoi$eamixi%hioknesu, F@ steel~ ~Qwever, they lie considerably
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higher than for duralumizi. The difference is least for plats under

.5 mm. in thickness. For thicker plates of duraltmirithe nunter of

bards

bend;

lmin

1 ml.

which

decreases very rap$dly. Aplate 2 m. thick breaks over a90°

a .p~ate4 ~. thick over a 45° bend. From these results dvra-

might ba referred to as “cold short” for th~c-knessasgreater than

!his property makes it ~s~table for hig~y stressed parts

must at the same time withstand vibrations. This is of prime im-

portance in connection with tha bent lug plates which are ordinarily

used in aircraft for taking wire terminals. In these lugs vibrations

undoubtedly occu dwing flight ;Vhichwo@draduce the strength of tk

duralunin and might cause suddsn fracture;

kactly~~wvi~atioas i~~i~n~ the modul~ of elasticity

hM nOt yet Oee:ldete.~i~d, a~tho~@ e~r~ellts a~f)~ this line are

already under way.

A comparison of the depth of im~-essiou of

lvmin shows (see Fig. 6) that for steel the depth of

creases with the thickmss of the material while for

steel and dura-

impression in-

ducalumin it de-
.

.

Creases. AS a result of a pe~i~$ty of the testing machine USed the

greatest stress occurred at a point which was from 5 run.to 6 m. from

the vertex of the depression. In this locality the material began tcI

flow before cracking. It is obvious that thick plates of ductile

material may be st~etohed mere easily on the uppar surfaces and COme-

q-ntly deeper impressions obtained than with thin plates, since for

thick plates more material can flow bef~i*efracture occurs. A similar

CourSa of reasoning can ba used to explain the decrease of depth of im-

pression with increasing thickness of p~ate in tha case of material of

less ductility. On the upper surface of the test pieces there occur
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high tsnsile stresses at the point

the strength of the plate. As the

gree, cracks very soon appear *

cess dascribed can be foUo@d on

about # kgs. per sq.mn. strength

flow before fracture of the steel

7-

dove mentioned, which increase with

material flows

extend into the

tha sections Of

end a duralmin

only $0 a small ci3-

interior. The pro-

a steel plate of

plate, Fig. 8. The

plate is plajnly reco@za.ble while

the duralunin plate shows ha~dly a sign of it.

Fig.,9 is a~hoto=waph of a test s.amplsof strong dural~bl

plate aftar fracture in which the material sufi~nly split iuall di-

rections.

For flanging and pressing tempered duraluudn is consequently

syitable o“idyin the thin gauges.

Influence of heat and colq.

Heat has an important influace on the strength of duraluoin.

According to the results obtained in tests by the Central Bureau for

Scientific Investigation,Neubabelsbsrg, when heated the strength
.

decreases 30$ for an increase in temperature of 100° sad about 2@ for
.

an increase of 150° (see Fig. IG). The loss in strength increases

with the increase of tenperaturej The elongation increases onfjsst

heating to ahardly appreciable extent, vhile between MOO and 2(M*

it decreases. At 25U0 the elongation becu=s the same as at ~oom

temperatw-e. With furthsr heating the elongation increases with in-

ceasing temperature. Consequently wherever duraluminis exposed to

heat the -possibledecrease of strength must always be consid~zed.

As opposed to the foregoing the influence of cooling on the.

strengthpropert:es is less unfavorable. The Centr~ Bieau
L

entific Investigationhas made tests on this also (see Table

for Sc5-

3) ●



. Tablq 3.

~dluence of Cold On the Stren@h Of Duralvmiq.

TaS~i~ :% bar *: Tensile !l!ests : Impact Test
Teqerature: tested in :Limit of.:ljl$.Str ngth:Elongation

2 . $ :w”rk$:~’-g: :stretch :.:kg/inn . .
: :& strain: ● ... *

.+ ~o$ : Aiz’ : 24,0 ~ 42.5 : 21.9 : 2.6

0: snow : 23.6 : 43.0 : ?1.8 : 2.6
,.

- 20 $Mixture Of ; 24,0 :“ .43.7 : 23.1 : 2.?
: SWK and : ●

● : :
;table salt;: ●; . :.

- 40 :Mixture of : 24.0 : 44.0 : 22..1 : 297
?Snow & c.=-: .: : .
:Cium Cblor-”: . *: . .
:ide. : : : :

-20 : C 02 Snow : 25.2 : 44.4 : 22.7 : , 2.?

- 190 :$~quid Air : 32.3 ~ 53.7 : 28,7 : 2.6

+29: Air : 23.0 ; 42.3 : ?3.3 : 2.6

The strength and elong~tivn inore~e s~eatj with the decrease in tem-.

sume that the cola encountered in flight has no unfavorable influsnOe

Exparimants “n the in$}~noe Of weathering on tha Streneth

@ duralunin, whioh h@e been cm~~ed on by the Durener-MstallwerkB

$Qr 3 years, have shows that no ob~egvable decrease in the strength
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TabY.e4.

Effect Qf WeatherZnQ on the S$ra~t h Of Dwraluniq..—

Testing : DeG; 1909 : ~QV, >~$o: *V* Z9U : Ik+c.1912

Data :Strgth:Elong-:Stra h:Elow-: St=m~h : EIoW-: Stre*@2h:Elo~-
9xloy 681a :kg/mm2:ation :kg/mn :atioll: kg/Um~ : ation : kgjrmn :ation

: :%’ :%’ ‘%’ :$

Round Bar :41.’? :2o:42*2:2~ : ~ :zl”~: 42.9 : 38.3

Bar (thick): 39.1 : 20 : 38.7 : 19.6 ~ 39.3 : 18.9 : 40 :20

B= (thin) : ~00 : 20 : 39.1 : 18.0 : 39.3 : za : 42.3 : 16.5
.

Wire(thick): 4S.0 : 20.1 : 45 : 20.1 : 44.3 : 1.9.7 : 44.5 : 19.8

. Wire (thin): 46.3 : 20 : 44 : 19.6 : 42.5 : 18.7 : 43.2 : 1~.5

-Ths Durener-MetsUwerk have s3so carried on for about a year,

experiments on the i~luenoe of the electrolytic effect from junctions

if durahamin wits iron or stael. These were made by riveting duralwain

bars to iron plates azxithen placing them in artificial sea water.

There resulted only an insignificant destruction of the iron and a re-

.

.

.

duotion inwsight of the

exist against the use of

swxanar~

Euralunin

elongation of 30 to

about 28 to 32 kgs.

bars of almut .23% so that no considaratiom

duralmin and iron junctions inaimmft.

has a stren@h of 35 %0 40kgs. per sq.um. and an

15$. & stretching stra%n Mmit Mes very high,

per sq.

600,000 to 7~,000 kgS. p=

thiolmesses above 1 mm. ani

fro (alternating).

Bent Plata ~itti~s,

kst notrnade out of

meter. The modulus of elasticity is about

sq.can. Zt is very brittle especially in

consequently sensitive to bending to and

with bent lugs which must resist vibration are ~

but of sheet steel. For stressed parts
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,
which while in flight are exposed to an increase in temperature of

more than 1~ C the use of dvralunin is objactionable unless a cor-

reepozxkinglymailer strength valus is used in computations. Cold

has no harmful itiluence on duradxnin. The joint between iron s23d

steel and duralumin can be made without electrolytic action occurring.

Pieces, which fa better working must be heated, must be in all

cases re-tearperedalter completion.

--- ~ Stexr ‘lruscott,
Asronautic Engineer,

. Bu. c. & R., U.S*N.
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